ments to differentiate between dementia and other conditions, Co-existing depression and dementia especially. can complicate the matter (Reifler et a!, 1982) . Psychological tests may be used (Pfeiffer. 1975; Shader et a!, 1974; Folstein et al, 1975; Lindeboom et a!, 1979; Lindeboom & Jonker, 1980; Reisberg et a!, 1982; Hughes et a!, 1982; Okimoto eta!, 1982) , but by themselves, do not always specifically differentiate dementia with high discriminatory validity or with very high reliability from other psychiatric disorders. Therefore, it is still necessary to develop new diagnostic methods, and these might involve the slow components of event-related potentials (ERPs). The early EPR components are closely related to the physical properties of the stimuli delivered, but are relatively unaffected by subjects' cognitive activity, which strongly influences the late ERP components.
The relationship of the late ERP components to cognitive processing has been examined thoroughly (Hillyard & Kutas, 1983; Desmedt, 1981; Pritchard, 1981; Squires et a!, 1975) . The P300 wave in the auditory evoked potential (AEP) is generally elicited by task-relevant infrequent stimuli that require a motor response or cognitive decision (see for reviews: Donchin, 1981; Duncan-Johnson, 1981) ; Donchin eta! (1978) suggested that P300 is related to a post decisional updating of memory. Because increased P300 latency is probably related to the increased processing time needed in the case of a deteriorated brain, more directly than the reaction time (Pritchard, 1981) , P300 latency has received considerable atten tion in dementia research (Goodin et a!, 1978b; Hendrickson et a!, 1979; Syndulko et a!, 1982; Pfefferbaum et a!, 1982) . However, these studies disagree about the P300 latency in elderly and demented patients, and the demented patients investi gated have generally been under 70 years of age. The aim of this study is to investigate the value of the P300 latency in the differential diagnosis of dementia in aged patients.
Method

Subjects
The event-related potentials were recorded in 71 patients and in 19 controls, all of whom had been referred to our department because of mental deterioration. The sex and age-distribution of the patients were as follows: 26 males (mean age: 80) and 45 females (mean age: 76). In a period of six weeks, the patients were examined and observed, and then left the department. The possible value of event-related potentials (ERPs) in the differential diagnosis of dementia was investigated in a group of 42 demented elderly patients, 29 non-demented elderly patients, and 10 healthy young controls. The auditory evoked potentials were elicited by using target and non target auditory stimuli. There was no significant difference in N100 and P200 latency between these groups. Our results indicate an age-related increase of P300 latency of 0.3 msec/year in the non-demented subjects. There was no significant difference in P300 latency between demented and non-demented patients, and the latencies vary widely within the groups of elderly patients.
@iiooCZ@-A1@â€˜\,N200P200 memory. orientation, recognition and immediate memory of visual patterns. speech fluency, the hand-eye-ear test (Head, 1926; Orgass & Poeck, 1969) , drawing of figures with increasing difficulty based on the Developmental Test of Visual Motor Integration (Beery, 1967) , drawing of changing visual patterns (Lurija, 1966) , recalling of an eight-word list (Miller. 1977; Harris & Dowson, 1982) , and an arithmetic test. Patients with severe physical illness and disturbed consciousness were not included in this study, and the use of short-acting psychotropic drugs was restricted as much as possible because drug-effects on P300 latency are unknown.
The patients had the following diagnoses according to the DSM Ill classification (American Psychiatric Association, Major depression (296.2x , 296.3x ): n = 10; Miscella neous: n = 3.
In this study, the patients were divided into a dementia group (n = 42) and a non-dementia group (n = 29); therefore, in about 40% of the 71 patients, mental dysfunction was not caused by dementia.
The controls were healthy volunteers from the hospital staff (mean age 29 years, range 20â€"35years); they were included in order to be able to compare the results of our test with those in the literature.
Procedure
After EEG recording, the patients were asked to cooperate in order to record the P300-potentials; these procedures took place while subjects were lying on a couch in a normally illuminated and sound-attenuated room. The electrodes were of the Ag-AgCI type, and were fixed to the skin with collodion, after rubbing the skin with ether. The electrode impedances were all below SkOhm. The â€˜¿ active' electrode was located at Cz (10/20 system), and the connected earlobe electrodes were used as â€˜¿ reference'.The electrical activity was measured using a Van Gogh EEG apparatus with filter setting: 0.016â€"75 Hz. (â€"3 dB) and gain setting: 35 pV/cm.
The targetâ€"nontargets paradigm consisted of 30 low tones (target, 410 Hz., 50 ms) and 70 high tones (non-targets, 1300 Hz.. 50 ms.). presented to the subjects via two earphones. The loudness was adjusted so as to assure easy detection of both high and low tones. The interstimulus interval varied randomly between 800 ms and 2300 ms. The EEG signals were sampled with a standard DEC-MINC system (sample rate 534 Hz.) and the resulting curves plotted immediately after recording.
The N100 is a negative wave with a latency between 70 and 130 ms with an amplitude greater than 5 pV. The N100 is often followed by a positive-negative complex with a latency of about 200 ms. The corresponding waves are the P200 and N200. The most prominent positive deflection between 250 and 500 ms is called the P300 (Figure 1) . However, not all evoked potentials are as clear as the example in Figure 1 . To avoid misinterpretations and biased interpretations, the different wave amplitudes and latencies were determined independently by two investigators. All waves with an amplitude in the range of the average pre-stimulus amplitude were regarded as not capable of being interpreted. For instance, in Figure 1 , the positive deflection at 520 ms may be caused by random variation (as can be seen in the average response before the stimulus), and therefore is not regarded as a separate wave. If the two investigators had major differences in interpretation (for instance, in case of double peaks or excessive artifacts), this ERP was also disregarded. The recording of the event-related potentials was preceded by a training phase. In this, the subject could become familiar with the experimental conditions and learned to respond according to the instructions; after that, the subject was asked to relax and to keep mental track of the low tone count. The whole procedure lasted about five minutes. 
Results
The P300 latencies of the young controls accord well with those reported in literature, indicating the similarity between these procedures. Generally, the paradigm proved to be â€˜¿ difficult' for most patients because of fading memory or loss of interest, etc. The low tone count was correct within 10%, in 25 out of the 71 patients: 12 in the dementia group and 13 in the non-dementia group. In three patients, the incorrect count was probably due to poor hearing. The young contol subjects made no mistakes in counting. The latencies of N100, N200, P200 and P300, over all groups and conditions, can be found in Table I . The N 100 was detectable in about 80% of the recorded evoked potentials. In the targetâ€"nontarget responses, the N100â€"latencies did not differ discernably between the control group, the dementia group, and the non-dementia group. The N200 was detectable in only 17% of the responses on the GO stimulus. There were no significant differences in latencies between the groups (Student's t-test). The P200 was detectable in 23% of all non-target responses. Also in P200, no significant differences were found between the three groups. The P300 was detectable in 37% of the controls, in 
TABLE II Age effects on P300 latencies, and P300 latencies in elderly.
increase in latency of the P300 wave as a function of age is small (Table II) , and the range of P300 latencies (i.e. 2x standard deviation) is wide (about 100 ms). These studies report significant positive linear correlations.
Brown, et a!, (1983) suggested a non-linear relation shipbetweenageandP300latency,while Podlesny& Dustman (1982) reported no effects of age on P300 latency. Our data suggest an average age-dependency of about 0.3 ms/year, but the latencies vary widely within each class of age, which is consistent with the data of other workers. It is therefore impossible to predict the P300 latency from a subject's known age.
Our data do not give evidence for an age-dependency of N100 and P200. Both the latencies of N200 and P300
evoked with the target-stimuli as well as the variances of all latency parameters seem to increase with age. For all wave-components. the average latency in creased more in the dementia group than in the non dementia group.
The low percentage of detectable ERP components in our study is due to the strict criteria we used in order to prevent any misinterpretations of the responses. 19% of the patients in the dementia group, and in 20% of the patients in the non-dementia group. In the case of patients, this non-detectability was not related to the severity of the clinical symptoms. The inter-rater reliability was high: only 4.5Â°%of all potentials were rejected because of different interpretation, while there was no inter-rater difference in latency larger than 10 ms. The P300 latencies between controls and patients in the dementia group differed signifi cantly (P <.05), but not between the dementia and non dementia groups. Linear regression analysis indicated an increase in P30() latency of 0.3 ms/year. In Figure 2 , all individual P300 latencies are shown. 
500
FIG.2 IndividualP300 latencies for controls(A). non demented patients (B) and demented patients (C).
Discussion
Age effects on event-related potentials in selective attention tasks have been reported earlier (Callaway & Halliday, 1973; Marsh & Thompson, 1972; Goodin et al, 1978a; Ford et al, 1979; Ford et a!, 1982; Pfefferbaum et a!, 1979; Pfefferbaum et a!, 1980; Syndulko eta!, 1982; Brown eta!, 1983) . Typically, the compatible with our data: 396 ms latency (s.d. = 50 ms). Keeping mental track of the target count seems to be difficult for both our patient groups. Goodin et a! (1978b) also mentioned this problem, but argued that the understanding of the selective task has no major impact on P300 latency.
The finding of a considerable increase in P300 latency in dementia, as compared to age-matched non dementia subjects (Goodin et a!, 1978b; Hendrickson et a!, 1979; Syndulko et al, 1982; Pfefferbaum et a!, 1982) has not been replicated in our study. The finding of a pronounced decrease in P300 amplitude (Goodin et al, 1978b ) also could not be confirmed (not shown here).
An explanation for these contradictory results might be found in the differences between the populations of patients used in the studies. In that of Goodin et a! (1978b) , only two out ofthe 27 demented patients were older than 70, and only one of them had a P300 latency exceeding the standard error; Syndulko et a! (1982) reported three demented patients older than 70 years, with one P300 latency exceeding the standard error. Pfefferbaum et a! (1982) reported the P300 latency of three demented patients. all younger than 70. More over, these authors used a model with constant variance in each class of age, although increasing age usually increases the variability of physiological pro cesses. All the demented patients with a P300 in our study (n = 8) were older than 70, and two had a latency exceeding the standard error.
Another difficulty is the interpretation of P300 in the case of multiple positive waves in the 250â€"500ms interval (Pritchard, 1981; Roth et a!, 1982) , which will give rise to inter-laboratory differences. Because of the existence of these large variations, a detailed discussion of the meaning of the various waves in old age does not seem to be a relevant here.
Efforts must be directed towards finding paradigms which yield P300 waves that are more consistent and less demanding of co-operation and motivation from the patients. Several suggestions for this can be found in literature, but they need more exploration.
For instance: instead of mental counting, one could ask for a motor response; increasing the number of stimuli will reduce the variance of the averaged response; eye movement artifacts and muscle artifacts can be dealt with more adequately; perhaps visual target stimuli evoke larger responses; etc. At present, P300 latency seems to be more promising in the diagnosis of pre senile dementia than in senile dementia. Thus our study could not establish the P300 wave as a diagnostic tool in the differential diagnosis of dementia, but because of the great importance of correct diagnosis, further investigation oLERPs in dementia and normal ageing is still warranted. Perhaps improvement in the experimental conditions, so as to yield more consistent findings in elderly patients, is the major issue. 
